
Windows labelling system for thermal and luminous performance in Brazil 

Abstract 

This paper presents the first step of new labelling system 
for windows in Brazil. Multivariate regression equations 
were generated to predict energy consumption for 
heating, cooling and lighting of a building prototype. In 
this task, 28 different types of glass were selected to 
perform 336 simulation runs for three Brazilian cities. The 
equations resulted in good R², especially in the prediction 
of energy consumption from cooling, with values from 
0.981 to 0.989 and independent variables SHGC, U-value 
and Tvis. Initial results show that benefits of high 
selective glazing systems can be evidenced for this type 
of methodology, helping the design team to select most 
suitable type of glass for each project. The next step of the 
research is to include window frames properties in the 
analysis and expand the sample of glass to cover a full 
range of possibilities in the Brazilian residential market 
sector.  

Introduction 

It is through windows that occupants have the perception 
of the external environment, the actions of outdoor life, 
the passage of time through the position of the sun, 
climate change and so on (MACCARI and ZINZI, 2001). 
Window systems are essential to improve the quality of 
life and the comfort in the residences, because they can 
directly influence the housing energy performance, as 
well as in the design of air conditioning and lighting 
systems (LOPES, 2009). 

Incorrect specification of frames and glazing may cause 
negative effects on environmental comfort and energy 
use. In contrast, its correct installation and proper use can 
improve user comfort and energy efficiency of buildings. 
According to Ballinger and Lyons (1996), windows are 
responsible an undesired increase in heat exchange 
between the building and the external environment, and 
this has stimulated international research with a focus on 
improving the windows. 

Buildings account for approximately 40% of energy use, 
gas emissions and waste generation in the world. Among 
these 40%, lighting, heating and cooling are directly 
influenced by windows. 

Several studies analyzes the use of different windows in 
numerous proportions, materials and orientations. Jaber 

and Ajib (2011) investigated the performance of windows 
with aluminium frames and different windows - single, 
double and triple glass - to analyse the demand for heating 
and cooling in three different climatic zones - Amman 
(Jordan), Aqba (Jordan) and Berlin (Germany). The 
performance of these windows in terms of energy 
efficiency was evaluated according to their U-Value and 
SHGC. They claim that as SHGC increases, the potential 
for solar gain through the window also increases. The 
analysis was done in homes and the TRNSYS simulation 
tool was used to simulate their influence on energy 
saving. They also did economic analysis, and for this it 
was necessary to get the initial cost of the windows. Then, 
an optimization window type and size were estimated 
using economic data from the markets of each city using 
the "Life Cycle Cost" (LCC) criterion. Finally, the 
window cost return could be calculated by dividing the 
window cost by the amount that can be saved per year, 
using solar energy and reducing thermal losses. 
Therefore, the payback period can be written as an 
equation. 
Grynning (2013) conducted full-year simulations using 
EnergyPlus software. In the calculations, the effect of the 
solar heat gains through the windows and the loss of heat 
in the heating and cooling demand of the building was 
considered. This study was done by testing the variations 
of U-Value and SHGC. The windows were mounted using 
WINDOW 6.0 software. A WWR value was set and the 
shading elements are considered. The chosen windows 
represent the state-of-the-art available in the Norwegian 
market. The study was carried out in an office building in 
the city of Oslo. As a conclusion, they realized that the 
application of the ISO 18292 method shows that the 
windows give a significant contribution to the energy 
demand spent on heating the building according to the 
variation of U-Value and SHGC. Therefore, the lower the 
U-Value and the greater the SHGC, the less energy is 
spent on heating. 
Thus windows are fundamental for a better energy 
performance in buildings and therefore, they must be 
chosen with care. Defining a window sorting system is not 
something simple. Its performance depends on the climate 
in which it will be inserted, the type of construction and 
the solar orientation of each façade. Performance may 
vary and is difficult to assess due to the number of factors 
involved (climate, environment, internal loads, 
infiltration, ventilation, etc.). However, a classification 
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system will allow different windows to be compared 
under the same conditions (URBIKAIN AND SALA, 
2009). 

Governments and companies from different countries 
have formed organizations that regulate the sector through 
standards and certification and labeling systems. In the 
USA, labeling system are already a reality, being 
developed by the National Fenestration Rating Council 
(NFRC), which aims to assist companies and consumers 
by providing information on product performance 
(MARINOSKI, 2005). The NFRC system considers 
thermal transmittance, solar heat gains coefficient, visible 
light transmittance, and air leakage. 

Australia also has a labeling system, the Window Energy 
Rating Scheme (WERS), accredited by the AFRC 
(Australian Fenestration Rating Council). Windows are 
evaluated by computer simulation, the software is the 
same used by the NFRC system and has been validated in 
laboratory tests for hot and cold climates. Window ratings 
are given by stars for heating and cooling, a rating of 0 to 
10 stars is used, where 10 represents the best performance 
window for heating and cooling based on 17 types of 
"generic" windows. This rating applies to the effect of the 
whole window including the relative contributions of 
glass and frame. 

Energy classification models provide a common basis for 
comparing different windows based on their energy 
performance. These models combine their properties such 
as Solar Heat Gain Coefficient, Thermal Transmittance 
and Air Infiltration into a single index, representative of 
the energy performance of the window. These models 
provide a simple means for designers and end users to 
select the best window according to the energy 
performance for a particular building and weather 
conditions. 

Energy performance of windows depends on their 
physical properties, as well as on the climatic conditions 
of the location and the solar orientation of the window. 
The values of incident solar radiation and solar heat gain 
values are useful in compensating the heating loads of a 
residence, are dependent on the local climatic conditions 
and the solar orientation in which the window is installed 
(SINGH and GARG, 2009). 

Based on the calculation results developed in their 
research, as well as their experiences related to the 
subject, Trząski and Rucińska (2015) listed the factors 
considered most important about the existing certification 
systems. 
As potentialities of the internal factors they consider the 
existing certification systems as more accurate than the 
comparison of the U-Value, less time consuming than the 
simulation of the whole building, also consider that the 
classification of the window does not change radically 
due to the differences in the characteristics of buildings or 
different climates, that a certification system allows to 
take into account many parameters of windows and there 

is the possibility to take into account additional 
parameters (such as shading devices and regulation). 
As the weaknesses of the internal factors they assert that 
the actual energy performance depends on the climatic 
conditions and the energy characteristic of the building, 
that windows made of the same components but with 
different dimensions can have several energetic 
characteristics and that failures in the certification system 
can lead to less energy efficiency in buildings. 
Regarding the opportunities of external factors, the 
authors affirm that certification systems are easy to use by 
people who do not have technical knowledge, that a 
certification system based on the energy balance allows to 
evaluate the real benefits for the consumers, that they can 
improve the knowledge of the actual performance of 
windows, which can encourage manufacturers to improve 
their products and that a uniform method in different 
countries could allow a faster assessment of the products. 
As threats to the external factors considered by Trząski 
and Rucińska (2015) are unfair competition - the system 
can be influenced to promote specific solutions - and that 
if the system is too detailed it may confuse consumers. 

Improvements in the design and manufacture of glass and 
windows are intended to optimize the effective use of the 
solar resource and minimize unwanted energy losses. 
However, these new products make complex the accurate 
characterization of their behavior for use in building 
performance studies. In this context, Sun (2018) reviewed 
the methods used to predict the thermal and optical 
behavior of complex frame systems. The author 
concluded that comprehensive models that seek to 
quantify the contribution of complex windows systems to 
building performance need to include: 

 Characterization of thermal behavior;
 Identification and characterization of the

radiative transfer to quantify the solar gain and quantify 
the luminous environment; 

 Development of a lighting model that will adjust
the contribution of artificial lighting to the light 
environment in response to the availability of daylight. 

Finally, it was concluded that the ability to import thermal 
characterization into building simulation tools such as 
EnergyPlus as well as the ability to connect the program 
to lighting tools, such as RADIANCE, creates a 
framework where such studies can be carried out. 

Creating constructive recommendations appropriate for 
different climates, solar orientation and types of buildings 
is extremely necessary so that solutions are not solely 
focused on artificial conditioning. Brazilian buildings are 
heavily influenced by solar heat transmitted through the 
windows, which causes an increase in the thermal load 
inside the building and the development of this labelling 
is fundamental for the openings to be well used. Based on 
these researches and labels already developed in other 
countries, the present research developed, through 
integrated computational simulations, a labelling standard 
that evaluates the performance of windows available in 
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the Brazilian market for residential buildings. Thermal 
and lighting aspects were considered in order to update 
the way the Brazilian normative system is evaluated and, 
in this way, to cooperate to improve the use of windows 
in terms of the user's thermal and visual comfort and in 
the optimization of energy use. This helps consumers and 
designers in their choice and specification. 

Objective

This paper describes the development of a labeling system 
to classify the thermal and luminous performance of 
windows in Brazil. Such a system is already present and 
applied in other countries, such as United States, United 
Kingdom, Australia and Canada. Brazilian energy 
efficiency standards for buildings are still under 
development and some efforts are being spent to establish 
minimum performance levels for construction systems 
and appliances.  

Method 

This research has being developed by following steps: 

Definition of the standard architectural typology 

For the development of this work, a standard residence 
model was defined identifying the most common 
residential architectural typology in Brazil. Thus, a 
module representing a living room of an apartment was 
created. This residential model was artificially 
conditioned and for this purpose a heat pump package 
terminal was used. The outdoor airflow rate per person 
was considered 0.0075m³/s, 24 hours per day in all day of 
the year. Thermostat heating setpoint was considered 
20ºC and cooling 24ºC. The floor model has 
10.0x5.0x3.0m, and has a window with the size fixed in 
2.0x1.2m. It was simulated with the most common 
construction materials in Brazil - bricks, cement mortar 
and concrete. The simulated ceramic block has thermal 
conductivity of 0.9 W/m-K, density of 1500 kg/m³ and 
specific heat of 920 J/kg-K. The cement rendering was 
considered with a thermal conductivity of 1.15 W/m-K, 
density of 2000 kg/m³ and specific heat of 1000 J/kg-K. 
And in turn, the concrete slab, placed on the floor and 
ceiling of the model, has a thermal conductivity of 1.75 
W/m-K, density of 2200 kg/m³ and specific heat of 1000 
J/kg-K. Only the façade with the window was considered 
in contact with the outdoor. All other walls, the roof and 
the floor was considered as adiabatic surfaces. 
The simulation was done for all orientations – North, 
South, East and West. 

The building model was set with a lighting power density 
of 6 W/m², programed to be turned on 100% from 8am to 
6pm. In order to account for the daylight benefit, a light 
sensor was inserted in the middle of the room and adjusted 
to control 100% of the lighting power, from a minimum 
of 30% of input power and 20% of light output, with a 
stepoint of 250 lux. The SplitFlux daylight method was 
chosen to do the calculations in the EnergyPlus program.  

Figure 1: Sketch and blueprint of the thermal zone. 

Selection and characterization of simulated glasses 

The glasses to be classified were defined according to 
parameters such as Coefficient of Solar Heat Gain 
(SHGC), Visible Transmission (Tvis) and U-Value. 
Within an established standard aiming at these 
parameters, were selected products available for Brazilian 
market. This program has the U-Value determined by the 
IGBD and automatically calculates the Tvis and the 
SHGC of the glass. The glasses selected for analysis and 
a summary of their thermal performance indexes (SHGC, 
U-value and Tvis) are shown in Table 1. 

This first step of this research considered only the 
properties of the glass, as the main portion of the heat flux 
through windows in Brazilian climates are resulted from 
solar radiation. In a next step, thermal properties of 
window frames will also be included. 

The graph in Figure 2 shows the relationship between 
SHGC (Solar Heat Gain Coefficient) and Tvis (Visible 
Transmittance) of the sample of glass specifications. It 
can be seen that for SHGC higher than 0.6 there is a strong 
correlation between SHGC and Tvis, i.e., more clear 
glasses transmit solar heat gain to indoor environment. 
But the glass with SHGC under 0.6 can present very 
different levels of Tvis, with similar SHGC. This is 
possible due to different compositions of coating applied 
to solar selective glazing systems, that are very common 
in Brazil. This is an important scenario to be explored by 
a windows labelling system. A window glass can reduce 
dramatically the solar heat gain, but the light transmission 
may be also decreased to undesired levels for residential 
buildings. Thus, a good labelling system should reward 
those windows specifications that are able to control heat 
gain, while maintaining good levels of daylight 
transmission.   
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Table 1. Glasses selected for analysis. 

Glass ID Composition SHGC U-value Tvis 

#1 single 0.86 5.89 0.90 

#2 single 0.61 5.79 0.43 

#3 laminated 0.59 5.63 0.72 

#4 single 0.57 5.56 0.52 

#5 single 0.46 5.57 0.37 

#6 single 0.43 3.22 0.76 

#7 laminated 0.39 5.63 0.47 

#8 single 0.35 3.22 0.67 

#9 laminated 0.35 5.63 0.39 

#10 single 0.29 3.14 0.55 

#11 single 0.28 4.88 0.20 

#12 laminated 0.27 5.70 0.13 

#13 laminated 0.26 5.63 0.33 

#14 single 0.22 4.24 0.14 

#15 IGU 0.75 2.69 0.80 

#16 IGU 0.49 2.67 0.38 

#17 IGU 0.51 2.66 0.64 

#18 IGU 0.49 2.63 0.47 

#19 IGU 0.36 2.61 0.33 

#20 IGU 0.38 1.64 0.67 

#21 IGU 0.33 2.66 0.42 

#22 IGU 0.31 1.64 0.59 

#23 IGU 0.29 2.66 0.35 

#24 IGU 0.25 1.59 0.50 

#25 IGU 0.24 2.39 0.18 

#26 IGU 0.21 2.66 0.12 

#27 IGU 0.21 2.66 0.30 

#28 IGU 0.18 2.14 0.13 

Figure 2.Relationship between SHGC and Tvis for the 

selected sample of glass specifications. 

Selection of climates 

The computational simulations were carried out for three 
Brazilian climates. The selection of the climates was 
defined based on the main weather factors that influence 
the performance of a window: solar radiation incident on 
the façade of the buildings and the difference between the 
internal and external air temperature. Thus, the 
representative cities of Brazilian climates were chosen 
according to their latitude, existence of weather file, 
global horizontal solar radiation and external air 
temperature throughout the year. The cities selected are 
Porto Alegre, São Paulo and Salvador.  
The climate of Porto Alegre is characterized by a hot 
summer and a cold winter, which is categorized as 
subtropical humid. The city latitude is -30°01'59'', 
longitude -51°13'48'' and altitude 3,00 m. São Paulo has a 
milder climate, also humid subtropical. Its latitude is -
23°32'51'', longitude -46°38'10'' and altitude 760.00 m. 
Salvador has a predominantly warm climate. It is a coastal 
city and the climate is defined as tropical atlantic. Its 
latitude is -12°58'16'', longitude -38°30 39 '' and altitude 
8,00 m. Geographic positions of these cities are illustrated 
in Figure 3. 

Figure 3. Brazilian map indicating the simulated cities. 
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Results 

As the simulation model was rotated to position the 
window to each geographic direction, a total of 112 cases 
were simulated for each climate, resulting in 336 
simulation runs. Energy consumption for heating, cooling 
and lighting were extracted from the simulation outputs. 
Output data from each climate was treated in spreadsheet 
to correlate energy consumption to glazing properties.  

Multivariate regression analyses were carried out to 
provide equations to predict energy consumption of the 
building prototype with each type of glass. The total 
energy consumption considered in the analysis was the 
sum for each solar orientation, at each type of glass 
simulated in the model.  
The models of equations generated to predict energy 
consumption are presented as follows, with independent 
coefficient listed in Table 2. As Salvador has a cooling 
dominant weather, no energy consumption for heating 
was reported and this equation was not created.  
 
ℎ𝑒𝑎𝑡𝑖𝑛𝑔 = 𝑎 ∙ 𝑆𝐻𝐺𝐶 + 𝑏 ∙ 𝑇𝑣𝑖𝑠 + 𝑐 ∙ 𝑈 + 𝑑 [1] 
 
𝑐𝑜𝑜𝑙𝑖𝑛𝑔 = 𝑎 ∙ 𝑆𝐻𝐺𝐶 + 𝑏 ∙ 𝑇𝑣𝑖𝑠 + 𝑐 ∙ 𝑈 + 𝑑 [2] 
 
𝑙𝑖𝑔ℎ𝑡𝑖𝑛𝑔 = 𝑎 ∙ 𝑇𝑣𝑖𝑠 + 𝑏 ∙ 𝑇𝑣𝑖𝑠2 + 𝑐 ∙ 𝑇𝑣𝑖𝑠2 + 𝑑 [3] 
 
Where: 
heating is the energy consumption for heating; 
cooling is the energy consumption for cooling; 
lighting is the energy consumption for artificial lights; 
SHGC is the Solar Heat Gain Coefficient of glass; 
Tvis is the visible transmittance of the glass;  
U is the U-value of the glass; 
a, b, c and d are independent coefficient, with values listed 
in Table 2, according to the city. 
 

Table 2. Independent coefficients for  

equations 1, 2 and 3. 

City a b c d R² 

Heating 
Porto Alegre -203.9 22.91 23.54 112.0 0.921 
São Paulo -60.57 12.22 6.308 19.07 0.812 
Salvador 0 0 0 0 N/A 

Cooling 
Porto Alegre 1236 -91.57 -0.2159 156.7 0.983 
São Paulo 1337 -84.59 -10.30 76.89 0.981 
Salvador 1914 -252.2 41.26 795.0 0.989 

Lighting 
Porto Alegre -2816 4579 -2423 1001 0.984 
São Paulo -2637 4245 -2237 981.8 0.986 
Salvador -2553 4177 -2226 984.4 0.980 

 

Graphs in Figures 4 to 11 show the correlation obtained 
between results obtained from simulation runs and 
regression equations. As presented before in Table 2, the 
equations generated to predicted energy consumption for 
cooling were those with the best precision.  
 

 
Figure 4. Energy consumption for heating predicted by 

simulation and equation for Porto Alegre. 

 

 
Figure 5. Energy consumption for cooling predicted by 

simulation and equation for Porto Alegre. 

 

 
Figure 6. Energy consumption for lighting predicted by 

simulation and equation for Porto Alegre. 
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Figure 7. Energy consumption for heating predicted by 

simulation and equation for São Paulo. 

 

 
Figure 8. Energy consumption for cooling predicted by 

simulation and equation for São Paulo. 

 

 
Figure 9. Energy consumption for lighting predicted by 

simulation and equation for São Paulo. 

The next step for the labelling development is to classify 
the energy consumption for each end-use in a ranking of 
performance. The labelling system proposed in this paper 
wants to inform how much that type of window is better 
than a reference window in terms of energy savings for 
heating, cooling and lighting. In this way, it will not be 
provided a classification as the A, B, C type, which could 
cause confusion, as a glass (window) with high level of 
thermal performance may be not the best window for 
daylight. The intention is to inform the design team how 
much that window can provide improvements on energy 
performance.  

 

 
Figure 10. Energy consumption for cooling predicted by 

simulation and equation for Salvador. 

 

 
Figure 11. Energy consumption for lighting predicted by 

simulation and equation for Salvador. 

 
The reference window would be that one with the highest 
energy use (heating, cooling and lighting). 
According to this methodology, the graph in Figure 12 
shows the energy savings provided by each glass for Porto 
Alegre city and the relationship to SHGC and Tvis. The 
strong correlation of cooling energy savings to SHGC is 
linear and evident. But the relationship between lighting 
energy savings and Tvis is not linear. With Tvis above 0.3 
the energy reduction against the worst scenario is 
maintained around 40%. This happened because for this 
type of room is not possible to achieve 100% of energy 
savings due to distribution of light in direction far from 
window.  
The graph shows also that some types of glass provide a 
high level of reduction in energy needs for cooling, 
whereas promote significant savings for lighting. One 
example is the glass numbered as #22 in Table 1, with 
SHGC 0.31, Tvis 0.59 and U-value 1.64. This glass 
resulted in 58% of energy savings for cooling and 42% 
for lighting. This is a typical behavior of high selective 
glazing systems with high Tvis and low SHGC, i.e., high 
performance glass.   
Table 3 shows energy savings provided by each type of 
glass analyzed at this stage of the research. The cells with 
shadow correspond to reference glass for each energy 
end-use.  
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Figure 12. Energy savings provided by each glass 

against the single clear glass and the relation to SHGC 

for Porto Alegre city. 

 
Table 3. Energy savings provided by each type of glass 

against the worst scenario (hatched cells) for Porto 

Alegre city.  

Glass SHGC Tvis U-

value 

Heat.

% 

Cool.

% 

Lights 

% 

#1 0.86 0.90 5.89 59% 0% 43% 
#2 0.61 0.43 5.79 42% 26% 40% 
#3 0.59 0.72 5.63 40% 28% 43% 
#4 0.57 0.52 5.56 41% 28% 41% 
#5 0.46 0.37 5.57 30% 41% 39% 
#6 0.43 0.76 3.22 54% 43% 43% 
#7 0.39 0.47 5.63 17% 51% 41% 
#8 0.35 0.67 3.22 45% 52% 43% 
#9 0.35 0.39 5.63 12% 54% 39% 

#10 0.29 0.55 3.14 39% 58% 42% 
#11 0.28 0.20 4.88 26% 54% 25% 
#12 0.27 0.13 5.70 21% 53% 6% 
#13 0.26 0.33 5.63 0% 62% 37% 
#14 0.22 0.14 4.24 29% 59% 9% 
#15 0.75 0.80 2.69 76% 8% 43% 
#16 0.49 0.38 2.67 60% 38% 38% 
#17 0.51 0.64 2.66 60% 36% 42% 
#18 0.49 0.47 2.63 60% 38% 41% 
#19 0.36 0.33 2.61 50% 51% 37% 
#20 0.38 0.67 1.64 65% 49% 42% 
#21 0.33 0.42 2.66 42% 57% 40% 
#22 0.31 0.59 1.64 58% 58% 42% 
#23 0.29 0.35 2.66 38% 61% 38% 
#24 0.25 0.50 1.59 53% 64% 41% 
#25 0.24 0.18 2.39 46% 63% 19% 
#26 0.21 0.12 2.66 43% 63% 0% 
#27 0.21 0.30 2.66 28% 69% 32% 
#28 0.18 0.13 2.14 48% 66% 0% 

 

Conclusion 

This paper presents the first phase of a windows labelling 
performance for Brazilian residential sector. Multivariate 

regression equations were generated from parametric 
simulation correlating energy consumption for heating, 
cooling and lighting of a building prototype with thermal 
properties of glass. Three cities were selected in this first 
analysis to be representative of different Brazilian 
weather, especially solar radiation, due to latitude 
variation.  
The equations generated to predict energy consumption 
for cooling obtained the best R² values (from 0.981 to 
0.989) proving that this energy end use has strong 
correlation to the selected glazing properties: SHGC, U-
value and Tvis. The prediction of energy consumption for 
lighting has presented also high R² values (from 0.980 to 
0.986), with a third order equation with Tvis as the only 
independent variable.  
The labelling system proposed in this paper has the 
intention to provide information about how much energy 
savings each type of window can provide against a 
reference window (worst scenario). Initial test has proved 
the high solar selective glazing systems can be recognized 
with this type of methodology, providing important 
information to building designers.  
The next step of this research is to stablish the energy 
performance for a larger amount of glass specifications, 
and to include the frame properties. The validation of the 
method will be conducted through computer simulation of 
selected building models, comparing energy savings 
provided by the label to the economy verified from whole 
building simulation.  
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